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Genetic polymorphisms in genes related to neurotransmitters or hormones affect 

personality or behavioral traits in many animal species including humans. In domestic j Equine Sci 

animals, the allele frequency of such genes has been reported to be different among Vol. 24, No. 3 

breeds and it may account for breed differences in behavior. In this study, we investigated pp. 31 _ 36 ; 2013 

breed differences in horses in the dopamine receptor D4 gene (DRD4), which has been 

reported to affect horse personality. We collected samples from seven horse breeds 

including those native to Japan and Korea, and compared the sequence of the DRD4 

exon3 region among these breeds. We found that there were two types of polymorphisms 

(VNTR and SNPs) in the exon3 region, and some of them seemed to be breed-specific. 

In addition, we found that the allele frequency of G292A, reported to be associated with 

horse personality, differed greatly between native Japanese horses and Thoroughbred 

horses. The frequency of the A allele which is associated with low curiosity and high 

vigilance, was much lower in native Japanese horses (Hokkaido, 0.03; Taishu, 0.08) than 

in Thoroughbreds (0.62). This difference may account for breed differences in personality 

or behavioral traits. Further studies of the f unction of these polymorphisms and their 

effect on behavior are indicated. 

Key words: behavioral trait, breed difference, dopamine receptor D4 gene, native 
Japanese horse, SNP 



Selective breeding by humans has resulted in various 
breeds of domestic animals. Great diversity between 
different breeds has been created not only in body size and 
coat color, but also in behavioral traits and personality. For 
example, dogs of different breeds differ greatly in social 
behavioral traits [9, 15]. Differences between breeds in 
personality, as measured by questionnaire surveys, are also 
reported in horses [11]. Breed differences in behaviors are 
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especially important in companion animals such as dogs 
or horses. Scientific evaluation of behavioral differences 
between breeds should be useful for the development of 
methods of management or training better suited to each 
breed. 

Variability of behavioral traits between breeds may be 
partly affected by genes. Recent studies have shown that 
genetic polymorphisms in genes related to neurotrans- 
mitters or hormones influence individual differences in 
personality [7]. Fhe dopamine receptor D4 gene (DRD4) 
encodes one of the subtypes of dopamine receptor, and is 
one of the candidate genes underlying individual differ- 
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ences in personality in many species including humans. 
In human DRD4 there is a variable number of tandem 
repeats (VNTR), which is reported to be associated with a 
"novelty-seeking" trait [1, 2]. 

In dogs, breed differences in the allele frequency of 
DRD4 have been reported. For example, a VNTR in the 
canine DRD4 exon3 region is reported to be associated 
with aggressiveness and activity/impulsivity [5]. The allele 
frequency of this polymorphism is different among breeds 
[8], particularly between Asian breeds and European 
breeds [10]. 

In horses, DRD4 is located on chromosome 12 [13], 
and two types of polymorphisms have been found. They 
are VNTR consisting of 18 base pairs (6 amino acids) 
and some single nucleotide polymorphisms (SNPs) in the 
exon3 region [3]. One of these SNPs, G292A, was reported 
to be associated with horse personality scores measured by 
a questionnaire survey. The A allele in G292A is associated 
with low curiosity and high vigilance in Thoroughbred 
horses [12]. 

If there are breed differences in personality related 
genes such as DRD4, it may be possible to predict the 
behavioral traits of breeds based on the genotype. A 
previous study reported that one Kiso horse, a native Japa- 
nese horse breed, had shorter repeats in the VNTR region 
than Thoroughbred horses [3]. However, whether the allele 
frequency of this polymorphism differs between breeds 
has not yet been verified. Samples from more breeds are 
needed to validate the breed differences of DRD4 in horses. 

In this study, we investigated breed differences in 
equine DRD4 using samples from more breeds than previ- 
ously studied. We collected samples from two breeds of 
European origin (Thoroughbred and Selle Francais), one 
South American breed (Criollo), three native Japanese 
breeds (Hokkaido, Taishu and Yonaguni) and one native 
Korean breed. We explored the polymorphisms in DRD4 
and compared its allele frequency among breeds. 

Materials and Methods 

In total, we collected 70 horse samples including two 
European-origin breeds (Thoroughbred; n=4, Selle Fran- 
cais; n=l), one South American-origin breed (Criollo; 
n=5), three native Japanese breeds, and a native Korean 
breed. The Japanese samples were from Hokkaido (n=31), 
Taishu (Tsushima; n=20), and Yonaguni (n=l). The Korean 
samples were from Jeju in Korea (n=8). We excluded 
offspring or full-siblings from our samples when esti- 
mating the allele frequency of each breed. 

We extracted genomic DNA from blood, buccal 
swabs, or hair using a QIAamp blood and tissue kit 
(QIAGEN, Valencia, CA, USA). For some hair samples, 



an InstaGene Matrix (Bio-Rad Laboratories, Hercules, 
CA, USA) was used. 

We amplified 504 base pairs of the exon3 region in 
equine DRD4 (GenBank: AB080626.1) by polymerase 
chain reaction (PCR). We used the primer pairs and PCR 
conditions described in a previous study [12]. PCR prod- 
ucts were purified using a High Pure PCR Product Purifi- 
cation Kit (Roche, Basel, Switzerland), and their nucleo- 
tide sequences were determined by cycle sequencing using 
a Big Dye Terminator v3. 1 Cycle Sequencing Kit and an 
Applied Biosy stems 3130.x/ Genetic Analyzer (Applied 
Biosystems, Foster City, CA, USA). All determined 
sequences were checked visually using FinchTV software, 
version 1. 4. 0. Polymorphisms in the sequences (SNPs 
and VNTR) were detected by the alignment using MEGA 
software, version 5. 

For SNPs found in more than one breed, the allele 
frequencies of each breed were statistically compared using 
Fisher's exact test. 

Results 

In equine DRD4 exon3 region we found two types of 
polymorphisms, VNTR and SNPs. The sequence of the 
exon3 region and locations of polymorphisms we found are 
shown in Fig. 1 . VNTR was found only in Criollo horses; 
these horses had a nine-repeat allele and a ten-repeat allele 
(Fig. 1). The ten-repeat allele was longer than previously 
reported alleles (nine and eight repeats), and its frequency 
was approximately 0.30. No length polymorphisms were 
found in the other breeds (all of them had the nine -repeat 
allele). 

We also found six SNPs, three of which (C199T, 
C415T and G445A) have not previously been reported. 
Information about these SNPs is summarized in Table 
1. The allele frequencies of each SNP in the five breeds 
(Criollo, Hokkaido, Korean, Taishu and Thoroughbred) are 
shown in Table 2. 

Among the SNPs we identified, C147T and C318A are 
synonymous SNPs, which cause no amino acid changes. 
We found the C147T polymorphism only in Hokkaido and 
Thoroughbred horses, and the C318A polymorphism only 
in Taishu horses. The nucleotide substitution reported at 
the C318A location in a previous study [3] was from cyto- 
sine to thymine, but the substitution we found in Taishu 
horses was from cytosine to adenine. In both cases, these 
substitutions cause no amino acid change. 

The other four SNPs (C199T, G292A, C415T and 
G445A) are non-synonymous SNPs, which cause amino 
acid changes. C199T was unique to Criollo horses and 
C415T was unique to Taishu horses. 

G292A is a non-synonymous SNP that causes an amino 
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Table 1. SNPs found in equine DRD4 



SNP 


Amino acid change 


Association with personality 


Reference 


C147T 


Synonymous 


Not found 


Hasegawa et al., 2002 [3] 
Momozawa et al, 2005 [12] 


C199T 


Pro — > Ser 


Not tested 


This study 


G292A 


Asn — > Asp 


Low curiosity 

A allele — > 

High vigilance 


Hasegawa etal, 2002 [3] 
Momozawa et al, 2005 [12] 


C318A 


Synonymous 


Not tested 


Hasegawa eta!., 2002 [3] 


C415T 


Pro Ser 


Not tested 


This study 


G445A 


Ala Thr 


Not tested 


This study 



Table 2. The allele frequencies of SNPs in five breeds 







Criollo 


Hokkaido 


Korean 


Taishu 


Thoroughbred 




n 


5 


31 


8 


20 


4 




9 


0.70 


1.00 


1.00 


1.00 


1.00 


VNTR 


10 


0.30 


0.00 


0.00 


0.00 


0.00 




H e 


0.47 


0.00 


0.00 


0.00 


0.00 




C 


1.00 


0.97 


1.00 


1.00 


0.88 


C147T 


T 


0.00 


0.03 


0.00 


0.00 


0.12 




H e 


0.00 


0.06 


0.00 


0.00 


0.25 




C 


0.70 


1.00 


1.00 


1.00 


1.00 


C199T 


T 


0.30 


0.00 


0.00 


0.00 


0.00 




H e 


0.47 


0.00 


0.00 


0.00 


0.00 




G 


0.70 


0.97 


0.62 


0.92 


0.38 


G292A 


A 


0.30 


0.03 


0.38 


0.08 


0.62 




H e 


0.47 


0.06 


0.50 


0.14 


0.54 




C 


1.00 


1.00 


1.00 


0.72 


1.00 


C318A 


A 


0.00 


0.00 


0.00 


0.28 


0.00 




H e 


0.00 


0.00 


0.00 


0.41 


0.00 




C 


1.00 


1.00 


1.00 


0.65 


1.00 


C415T 


T 


0.00 


0.00 


0.00 


0.35 


0.00 




H e 


0.00 


0.00 


0.00 


0.47 


0.00 




G 


0.90 


0.81 


0.88 


0.90 


1.00 


G445A 


A 


0.10 


0.19 


0.12 


0.10 


0.00 




H e 


0.20 


0.32 


0.23 


0.18 


0.00 



H e : expected heterozygosity. 



acid change from asparagine to aspartic acid, and it was 
linked to horse personality in a previous study [12]. The 
A allele of G292A is associated with low curiosity and 
high vigilance scores. We compared the allele frequency 
of G292A among five breeds (Hokkaido, Taishu, Korean, 
Criollo and Thoroughbred) and found a significant differ- 
ence among breeds (Fisher's exact test, P=4.4 x 10~ 6 ). 
In native Japanese breeds (Hokkaido and Taishu) the 
frequency of the A allele was very low (approximately 0.03 
for Hokkaido, 0.08 for Taishu). In contrast, the frequency of 
the A allele was considerably higher (approximately 0.62) 



in Thoroughbreds. One Selle Francais horse and one Yona- 
guni horse were heterozygous (their genotypes were A/G). 

G445A is a novel SNP that causes an amino acid change 
from alanine to threonine. This polymorphism was found 
in four breeds (Hokkaido, Taishu, Korean and Criollo), but 
the allele frequencies did not differ significantly among 
these breeds (Fisher's exact test, P=0.65). 

The novel sequence data determined in this study was 
registered in the DDBJ nucleotide database with the acces- 
sion numbers AB8 17803 (Criollo) and AB8 17804 (Taishu). 
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Discussion 

In this study we found several novel polymorphisms 
in equine DRD4 exon3 region. Some of these seem to be 
breed-specific. Criollo horses had a unique non-synony- 
mous SNP (C199T) and longer alleles (ten-repeat) in the 
VNTR region than other breeds. Taishu horses also had a 
unique non-synonymous SNP (C415T). These polymor- 
phisms may change the amino acid sequence of the protein 
and modify its function. Functional analysis of these poly- 
morphisms is now needed. 

We also compared the allele frequencies of poly- 
morphisms among different breeds. Although samples 
from unrelated individuals are needed to estimate the 
allele frequency more accurately, it is difficult to collect 
completely unrelated samples in the case of rare native 
breeds. So, we excluded offspring or full-siblings from 
our samples when estimating the allele frequency. We 
found that the allele frequency of G292A, which has 
been reported to be associated with horse personality, 
was different among breeds. In particular, native Japanese 
horses had quite different allele frequencies of G292A 
from Thoroughbred horses. Although our sample size of 
Thoroughbreds was relatively small, the A allele seems to 
be a major allele in these horses, because the frequency of 
this allele was also high in a previous study [12] (approxi- 
mately 0.54). This allele was in the minority in all of the 
other breeds tested. This suggests that the A allele is a 
minor allele of horses in general, except for Thorough- 
breds. It may be a byproduct of the special breeding history 
of Thoroughbred horses for racing performance. The 
low frequency of the A allele, linked with low curiosity 
and high vigilance, suggests that Japanese horses should 
be more curious and less vigilant than Thoroughbreds. In 
fact, a questionnaire -based behavioral evaluation of Kiso 
horses revealed these animals are curious and friendly with 
humans [14]. 

The differences of the A allele frequency of G292A may 
be used as a predictor of behavioral traits of horse breed. 
Also polymorphisms within each breed may be useful for 
management or training suited to each individual trait. 
However, the association between G292A and behavioral 
traits requires further confirmation using more objective 
behavioral tests. Behavioral tests used in canine studies 
showing the association between DRD4 and behavioral 
traits [4, 6] may be useful, following modification, for use 
with horses. 

In conclusion, this study showed that there are differ- 
ences in DRD4 polymorphisms among breeds of horses. 
These differences may be a result of different breeding 
histories or of geographical variation. They may affect 



the variance of behavioral traits or personality among the 
breeds. Further studies of both functional aspects of genes 
and behavioral variations are needed to validate the effect 
of these polymorphisms. 
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